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Abstract
We propose a simple scheme to detect the nonabelian Berry phase by the entangled pair state. In this







Geometric phase[1, 2, 3] plays an important role in quantum interferometry and many other disciplines.
Many observable quantum phyonemena are related to the geometric phase shift. The experimental testing of
geometric phase is an interesting and important subject. For the two level system, geometric phase is equal to
half of the solid angle subtended by the area in the Bloch sphere enclosed by the closed evolution loop of the
eigenstate. Most of the times, after certain time evolution path, there are both dynamic and geometric phase
shift, this causes extra treatment to prove the eects of the geometric phase.
Recently, it was proposed to implement the quantum computation through the geometric phase shift gate[5,
6, 7, 8, 9, 10, 11]. In particular, several of them are based on using nonabelian Berry phase[8, 9, 10]. This is
rather signicant because of its obvious fault tolerance property. For the nonabelian Berry holonomic quantum
computation, the computational space C is always an eigen space(spanned by a number of degenerate eigen
states). The rst clear experimental proposal to produce the controllable nonabelian phase shift was raised by
Duan et al[10]. The proposal suggests using trapped ions for the test. However, there are still some technique
drawbacks. In the proposal, state j0 > and state j1 > are not exactly degenerate, so it is not the exact nonabelian
geometric phase. And also, during the time evolution of the state, one has to control some external parameters
to make sure instantaneous eigenvalue to be zero in the whole process. With this constraint, there is a risk that
the dynamical phase accumated could be signicant if the instantaneous values of the external parameters are
not controlled exactly by the constraint, for the duration of time evolution could be long due to the requirement
of adiabatic condition.
In this letter, we propose a simple scheme to test the nonabelian Berry phase. Our scheme could be more
robust because it assumes the exactly degenerate quantum states and it requires little external parameters
control in the whole process. Consider the following EPR pair state for spin half like qubits:
j >= 1p
2
(j0A1B > +j1A0B >); (1)
subscripts A and B represent for the qubit A or qubit B respectively, 0 is spin down and 1 is spin up. Denoting
j 1 >= j0A1B > and j 2 = j1A0B >. Obviously state j 1 and j 2 > are dengenrate in a Z-direction external
eld. Now we consider how to produce a phase shift between state j 1 and state j 2 >. Consider the state j >
which is a linear superposed state of j 1 and j 2 >. We can rst spatially separate spin A and spin B. After
this we rotate the local eld of spin B adiabatically for a closed loop. According to the adiabatic principle, the
states 0B or 1B will follow the rotation and nally completes closed loops also. After the evolution, the Berry
phase for 0A and 1A are opposite and the value is propotional to solid angle substended by the evolution loop
at the degenerate point of the Bloch sphere for spin B. Explicitly, we have
γ0;1 = Ω (2)
where γ0;1 is the Berry phase shift for state j0B > or j1B > and Ω is the value of solid angle substended by the
evoultion loop. For example, if we rotate the eld adiabatically around the Z 0-axis for a loop. Then we have
jγ0;1j =  cos ,  is the angle between Z and Z 0. Without loss of generality, we denote γ for the Berry phase
2
shift for state j0B >. At time T when the evolution loop is completed we have
j(T ) >= 1p
2
(e−iγ j 1 > +eiγ j 2 >): (3)
Note that here no dynamical phase is involved because state j 1 > and state j 2 > are degenerate in the
whole process. More generally, we can also choose the initial state as j >= 1pjj2+jj2 (j 1 > +j 2 >). For
simplicity we just use the initial state dened by eq.(1) for the rest of this paper.
Now we give a scheme to realize the above phase shift. It has been demonstrated extensively for the EPR
state of eq(1) by the polarized photon pairs[12]. Now we are using polarized photons, state j0 > and state j1 >
in eq(1) represent vertical or horizontal polarizotion respectively. A polarized photon evolves by the following
time evolution operator when passing through a birefringence crystal [13]
U(s) = e−iˆs: (4)
Here s is the the distance the light travels in the crystal,  is the axis of the birefringence and  is the Pauli
operator. Actually this is the spatial evolution operator. We can produce a nonabelian Berry phase shift for
state j 1;2 in the following way:
1. Prepare the polarized entangled pair and the two photons are flying in the opposite way.
2. Let photon A fly in the medium A made of a crystal whose birefringence axis is along Z-axis. Meanwhile,
photon B is flying in the medium B made up of the same crystal materials, however its birefringence axis
changes gradually around Z 0 axis for a loop. To meet the adiabatic condition we require the value d^=ds very
small. Mediums A and medium B have the same length. We set the length of the medium to be the value so
that the refringence axis changes back to Z direction.
3. After the two photons comes out the crystal, the state j > is changed to the one by eq(3).
Note that here the evolution path of photon B on the Bloch sphere can be any irregular loop. The Berry
phase is independent of the shape of the loop, it is only dependent on the area enclosed by the loop. In
particular, if the birefringence ^ for medium B is changed uniformly around Z 0 axis and the angle between Z
and Z 0 is set to  = =3, the output state is  = 1p
2
(j 1 > −j 2 >), which is othorgonal to the initial state. To
improve the eciency, we can also let photon A also fly in a medium whose birefringence axis gradually changes
in a opposite manner as that of the medium B, i.e., polarization state of A and B
In summary, we proposed a simple scheme to produce the nonabelian Berry phase. It should be interesting
to take a further study on realize the nonabelian geometric controlled-NOT gate on the polarized photon qubits.
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